The amelogenins (Am) constitute about 90% of the enamel matrix proteins and play a critical role in enamel biomineralization. This study aimed to express and characterize recombinant human amelogenin (rAm) protein in the prokaryotic expression system in quantities sufficient for structural and functional research. Human cDNA coding for a 175 amino acid amelogenin protein was subcloned into the pET-28a(+) vector, this system adds a hexa-histidine tag to N-terminal amino acid of the expressed protein, enabling effective three steps purification by Ni 2+-NTA affinity chromatography, an anion-exchange resource Q packed column , and Superdex 200 10/300 GL gel filtration resin. The recombinant protein was expressed in E. coli BL21 cells and the yield of purification his-tagged human amelogenin was up to 19mg/L culture. Recombinant human amelogenin (rAm) was characterized by SDS-PAGE and Coomassie brilliant blue R-250. Production of significant amounts of pure, full-length amelogenin opened up the possibility to investigate novel functions of amelogenin. Their chemical structure, self-assembly and amelogenin-mineral interactions play a key role in the regulation of enamel mineralization process.
I. INTRODUCTION
Tooth enamel, the most mineralized tissue in the body, is formed by an evolutionarily highly conserved process that is controlled by extracellular matrix proteins [1] . During the secretory stage of enamel formation, the three major proteins secreted by ameloblasts are amelogenin (Am), ameloblastin and enamelin [2] . Upon secretion from ameloblasts, the enamel matrix proteins assemble to facilitate crystal nucleation and growth in appropriate physico-chemical microenvironment [1] . The amelogenins constitute about 90% of the enamel matrix proteins and play an important role in enamel biomineralization [3] . Moreover, they are hydrophobic molecules that self-assemble into nanosphere structures, which are thought to be involved in regulating the ultra -structural organization of the developing enamel crystallite [4] [5] .
During enamel development and mineralization, the secreted amelogenins are lost from the tissue,along with most of the other enamel matrix proteins, due to sequential degradation by specific proteases such as enamelysin (matrix metalloproteinase 20,Mmp-20) and kallikrein 4 (Klk4) [6] . They are replaced by mineral ions, calcium, and phosphorus, which eventually results in fully mineralized, hard, and mature enamel [7] [8] [9] . The human amelogenin gene are has been mapped to Xp22.1-p22.3 and Yp11.2 with 90% of the transcripts expressed from the X-chromosome and 10% from the Y-chromosome [10] [11] . Mutations in the X-chromosomal copy of the amelogenin gene have been associated with the hereditary disease amelogenesis inperfecta, which illustrates the importance of amelogenin in developing enamel [12] . Furthermore, the amelogenins were also thought to be tissue-specific and exclusively expressed by the enamel producing ameloblast cells [13] , however, various isoforms have since been found in the dentin matrix [14] and the associated odontoblast cells [15] . The production of recombinant proteins free of other matrix elements is a valuable tool to investigate which components are responsible for the regeneration and amelogenin was suggested to be such a candidate. In addition, low molecular mass amelogenin polypeptides have since been associated with cell signaling and have been suggested to have osteogenic potential [16] [17] .
The described heterogeneity of the matrix makes isolation and purification of sufficiently large quantities of any one of the amelogenin isoforms from the developing tissue, extremely challenging [3] . This problem has been previously overcome by high expression of mouse amelogenin [18] , porcine amelogenin [19] and human amelogenin [20] in prokaryotic bacterial systems. In this research, we describe the expression of a recombinant human amelogenin protein in the prokaryotic bacterial systems, which has made possible the investigation of novel functions of amelogenin by providing relatively high amounts of pure amelogenin, free from contamination of other enamel matrix proteins.
II. MATERIALS AND METHODS

A. RNA Isolation and RT-PCR Analyses
The tooth germs of mandibular third molar which was in enamel developmental stages from patient who will accept orthodontic treatment were dissected and fixed with 4% paraformaldehyde in PBS at 4ºC overnight. Dental sac were International Conference on Advanced Material Science and Environmental Engineering (AMSEE 2016) decalcified at 4ºC in a 10% (w/v) Na 2+ -EDTA solution (pH7.0) for 10 days with daily solution changes, and paraffin samples were prepared as described [24] . Total RNA from the tooth germs of mandibular third molar which was in enamel developmental stages was isolated using Trizol Reagent (Invitrogen). According to the manufacturer , s specifications, RNAs were purified using the DNA Purification Kit (Tiangen biotech, Beijing) in order to get rid of organic components, and converted into cDNA (M-MLV Reverse Transcriptase, Takara) using Amelogenin primers.
B. Construction of the Recombinant Plasmid Expressing
Amelogenin PCR primers were designed with Primer3 (http://bioinfo. ut.ee/primer3/;) and synthesized by Sangon (China) (Am-F:CGCGGATCCATGGGGACCTGGATTTT; Am-R:CGAGCTCTTAATCCACTTCCTCCCGC).
PCR amplification was performed by Bio-RAD S1000 Thermal Cycler (BIO-RAD, USA) using Pfu DNA polymerase (TransGen Biotech, Beijing), as previously described [8] . The PCR fragment was digested with Bam HI and SacI and ligated into pET-28a (+) vector (Invitrogen) linearized with Bam HI and SacI and dephosphorylated by calf intestine alkaline phosphatase. The ligation mixture were chemically trans -formed into the competent E. Coli DH5α and cultured at 37ºC in LB agar with kanamycin (0.1 mg/ml) for selection of the recombinants. After confirmed by DNA sequencing, the recombinant plasmid was transformed into E. Coli BL21 (DE3) for proteinexpression.
C. Expression and Purification of Amelogenin in E. Coli BL21
The over-expression of rAm in E. coli BL21 cells was induced as previously described [10] . rAm were grown at 37ºC in 1L of LB medium supplemented with 0.1mg/ml kanamycin to OD600 0.6. Protein expression was induced by the addition of 0.2 mM IPTG and the culture was incubated for overnight at 16 ºC. Expressed fusion protein was analyzed on a 12% SDS-PAGE gel. The cells were collected by centrifugation for 30 min at 5,000 g and re-suspended in 50 ml ultrasonication buffer (500mM NaCL, 25mM Tris, 20mM imidazole, PH 8.0) and sonicated at 500 W, 3 s pulse and 3 s rest on ice for a cycle for 40 min (Scientz JY92-2D, China). Following centrifugation at 18,000g for 30 min, the supe -rnatant that the poly-His tagged proteins were purified by affinity chromatography from crude cell extracts on a nickel-nitrilotriacetic acid (Ni2+-NTA) agarose column (Haiji biotech, Beijing). Elution was carried out in the presence of an imidazole gradient concentration (50~500 mmol/L) and was collected per millitre, and A 280 was measured. The eluted protein was loaded onto an anion-exchange Resource Q packed column (GE Healthcare), which was pre-equilibrated with Buffer A (50mM NaCl, 25mM Tris-HCl PH 8.0). Sample was loaded at a rate of 0.5 mL/min and the column was washed with two bed volumes of Buffer A. Finally, the column bound proteins were eluted using a programmed gradient of Buffer B (1M NaCl, 25mM Tris-HCl PH 8.0). The cleavage fragment was removed by using Superdex 200 10/300 GL gel filtration resin (pharmacia). The column was pre-equilibrated with 100mM NaCl buffer(100mM NaCl, 25mM Tris-HCl PH 8.0) and rAm proteins were eluted by this buffer. SDS-PAGE was performed using 12% running gel on the GelDoc XR System (Bio-Rad). Briefly, the protein samples were loaded on the gel, which was electrophoresed at 120 V for 1 h and stained with Coomassie brilliant blue R-250.
III. RESULTS
A. RNA Isolation and RT-PCR Analyses
RNA analyzed on a nondenaturing 1% agarose gel. The RNA was visualized with ethidium bromide present in the gel (Figure1(A) ). The value of A260 / A280 and A260 / A230 were 1.99 and 2.08 ,respectively. The brightness of 28S strips is two times the brightness of 18S strip. The results show that high quality RNA has been extracted and can be used for the full length amelogenin gene amplification. The PCR products were resolved on 1% agarose gels and stained with ethidium bromide. The amelogenin primers produced a band at 576 bp (Figure1(B) ). (Figure 2(A) , Lane 4), which is close to the calculated molecular weight of rAm, that represented 71% of the total protein in the soluble cell lysate measured by densitometry scanning of the stained gel. 
C. Purification and Characterization of rAm Protein in E.Coli
Am proteins were purified by affinity chromatography (Ni 2+-NTA) and eluted by an imidazole gradient concentration (50~300 mmol/L). The eluted protein was analyzed on a 12% SDS-PAGE gel (Figure 2(B) ). Base on the isoelectric point value of rAm (pI =5.3), Anion exchange is more appropriate for rAm protein than cation exchange. The eluted protein was loaded onto an anion-exchange Resource Q packed column. The chromatography buffer was optimized to Buffer A in accordance to batch absorption/elution matrix experiments. For Resource Q chromatography, Buffer A was used to equilibrate the column prior to loading the refolded protein solution, as well as washing buffer to remove the unbound contaminants following the loading process. The recombinant protein was eluted by high salt gradient elution method, which was introduced from Buffer B. One protein peak monitored at OD280 was observed ( Figure 3 ). The cleavage fragment was removed by using Superdex 75 10/300 GL gel filtration resin. SDS-PAGE was performed using 12% running gel for purified rAm protein analysis (Figure 4 ). Protein quantification was estimated using the Bradford method [14] . The ratio of Am to the total proteins was obtained by SDS-PAGE and the corresponding protein bands were measured using the gel-analysis tool BandScan 5.0 software. We obtained about 19 mg of soluble purified Am protein from 1 L of flask culture broth, which would be more than 86% of purification yield. 
IV. DISCUSSION
Although the spatial structure of amelogenin is unknown, scientists still hypothesized the possible array mode of Am molecular through its amphiphilic sequence. Amelogenin is a hydrophobic enamel matrix protein that possesses the unique physiological characteristic of self-aggregation into nano -spheres, an important structural feature related to its function in the developing enamel; but one that makes it challenging to express, isolate, and analyze [3] . Expression of a recombinant amelogenin protein has been reported in prokaryotic systems mostly [18] [19] [20] [21] . These recombinant amelogenin proteins have been used in various structural and functional studies [23] . We has performance the express of a recombinant human amelogenin protein in E. coli BL21 cells using the prokaryotic expression system. This histidine-tagged system enabled high purification through three steps isolation. The yield of purified protein was 19 mg/L culture of mainly full-length protein.
Application a mixture of many enamel matrix proteins and their degradation products, to tooth root surfaces in sites of diseased periodontium has been shown to promote the regeneration of all the periodontal tissues [8] . Although, it was not clear which of the proteins comprising the extracellular matrix is responsible for the regeneration. The availability of substantial amounts of purified recombinant human amelogenin expressed in E. coli BL21 cells provides a valu -able and reproducible source of biologically active human amelogenin protein. This recombinant protein is currently being used to study the underlying mechanisms associated with the functions of the human amelogenin protein in normal, diseased, and regenerating periodontal tissues and other mineralizing tissues.
